for multiple testing none of the variation signals including previous published variants reached statistical significance.
CXCL1 -in the study of Ferwerda a signal for association with disease susceptibility -has been implicated in a wide range of neuropathologies including a role in neuroinflammation (Semple et al., 2010) . As a neutrophil chemoattractant being synthesized by activated microglia, astrocytes, and endothelial cells it is of particular interest in the pathogenesis of bacterial meningitis and could explain the context of disease susceptibility. It could be a target candidate for further studies investigating its inflammation-modulating properties. Furthermore, CCL2 being related to CXCR2 with its ligand CXCL1 plays a role in adult neurogenesis. Hippocampal neurogenesis as a regenerating impulse to alleviate neuronal damage is being upregulated after bacterial meningitis (Gerber et al., 2009) . Therefore, next to regulating inflammation by altering and accelerating immune cell trafficking, CXCL1 may be involved in regenerative properties, something that demands further investigation with the knowledge of the present study.
The strongest signal associated with the outcome after pneumococcal meningitis was IRAK4 which is a downstream TLR or IL-1 receptor superfamily signaling protein that is essential to trigger innate immune actions. IRAK4 deficiency leads to inhibition of TLR signaling as well as defective immune responses to IL-1 and IL-8 and causes increased susceptibility to bacteria in children (Picard et al., 2003) . IRAK4-deficiency is further known as a cause of recurrent pneumococcal infection (Picard et al., 2010) which is of particular importance in the present context of pneumococcal meningitis.
Scientific limitations of the study are the focus on variations located within the protein coding regions so that genetic variations near the genes involved in transcription regulation are being missed. This could be of particular importance since variations of expression of relevant inflammatory mediators such as TLR and chemokines cannot be taken into account under these circumstances. Furthermore, the missing discrimination between the different pneumococcal strains might be of disadvantage. From a clinical point of view, the interpretation of the data is limited because of lacking data concerning the time point of diagnosis after onset of symptoms as well as the starting time point of antibiotic treatment and the kind of antibiotic -all these factors having major impact on disease severity and outcome in general.
Excessive inflammatory responses are harmful for neuronal tissue and impair the outcome after meningitis (Mook-Kanamori et al., 2011) . The duration and severity of inflammation are also crucial for 
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EBioMedicine j o u r n a l h o m e p a g e : w w w . e b i o m e d i c i n e . c o m the regenerative processes after bacterial meningitis. Therefore, attempts to regulate, attenuate and shorten the inflammatory response during bacterial meningitis have long been and still remain a major target for studies with adjuvant therapeutic agents. So far, only the adjuvant therapy with dexamethasone became part of the therapy guidelines of bacterial meningitis in the Western world in cases with suspected or proven pneumococcal meningitis but not meningococcal meningitis. However, the application of dexamethasone has remained somewhat ambiguous as some studies detected no benefit or experimental studies even showed a decrease in learning ability after pneumococcal meningitis (Mook-Kanamori et al., 2011) . Therefore, new therapeutic approaches are most wanted. The significance of IRAK4 as the most promising candidate of this study concerning disease severity and outcome should be further investigated as an adjuvant therapy combined with the established antibiotic regime used every day in clinical practice.
In summary, Ferwerda and colleagues (Ferwerda et al., 2016) present important insight in the role of genetic variations of the innate immune system in pneumococcal meningitis and contribute to a better understanding of the complexity of the innate immune response in pneumococcal meningitis.
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